Feeding of starch or casein to rats that had been starved for 4 days resulted in marked increase in duodenal alkaline phosphatase activity in a few hours. In rats with a duodenal blind loop, the enzyme was induced by feeding starch, but not casein. Conditions leading to hyperglycemia, such as an intragastric adminis tration and an intravenous infusion of glucose, induced duodenal alkaline phosphatase to the same extent and in the same period as starch feeding. Subcutaneous injection of insulin alone did not induce the enzyme. In chemically sympathectomized rats, the enzyme was induced by starch feeding. In vagotomized or hexamethonium-treated rats, the enzyme was not induced by starch feeding or intragastric administration of glucose solution. On the contrary, subcutaneous injection of carbachol alone induced the enzyme. These results suggest that stimulation of the para sympathetic nervous system via hyperglycemia is important for induction of duodenal alkaline phosphatase by starch feeding. The mechanism of enzyme induction by casein feeding is still unknown. Key Words duodenal alkaline phosphatase, starch feeding, casein feed ing, hyperglycemia, sympathectomy, vagotomy
In rats, intestinal alkaline phosphatase is mainly localized in the brush border membrane (1) , and its activity is highest in the duodenum, decreasing rapidly toward the ileum (2, 3) . The enzyme is rapidly induced by protein (4) (5) (6) or carbohy drate (7) feeding in rats that have been starved for a few days.
In the present study we examined whether direct contact of a nutrient with the small intestine was necessary for enzyme induction by using rats with a blind loop. We also examined whether the autonomic nervous system was involved in the enzyme induction. et Figure 1 shows the changes with time in activity of duodenal alkaline phosphatase after casein or starch feeding. The activity increased gradually to a maximum 9hr after casein feeding and 6hr after starch feeding.
The relations between the extents of enzyme induction and the food intakes are shown in Fig. 2 . Good correlations between the two were observed.
Administration of casein or starch to rats that had been starved for 4days resulted in more than 2-fold increase in duodenal alkaline phosphatase activity (Fig.  3) . But in rats with a blind loop, the enzyme in the blind loop was induced by starch, but not by casein. After starvation for 4days, intragastric administration of 5ml of 20% glucose solution twice with an interval of 3hr between treatments resulted in about 3-fold increase in activity of duodenal alkaline phosphatase. When phlorizin, a potent inhibitor or intestinal absorption of glucose, was given, subsequent administration of glucose solution did not induce the enzyme. Subcutaneous injection of regular insulin (2U/kg) (12) alone did not induce the enzyme (Fig. 4) . treatment inhibited intestinal alkaline phosphatase induction by intragastric admin istration of glucose (Fig. 6) . Carbachol (0.5mg/kg) (17, 18), a stimulator of para sympathetic system, was injected twice subcutaneously with a 2hr interval between injections into rats that had been starved for 4days, and the rats were killed 6hr after the first injection. This treatment alone induced the enzyme (Fig. 7) . Chemical sympathectomy was achieved by an intravenous injection of 6 -hydroxydopamine (19) at a dose of 100mg/kg body weight into rats that had been starved for 1day. The rats were starved for a further 3days and then fed starch or given 5ml of 20% glucose solution by stomach tube. They were killed at the times shown in Fig. 6 . Chemical sympathectomy had no effect on enzyme induction (Fig.  6 ).
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DISCUSSION
In the present study we showed that feeding casein or starch to rats that had been starved for 4days resulted in more than a 2-fold increase in activity of duodenal alkaline phosphatase. However, the mechanisms of induction by casein and starch seem to be different because the enzyme activity in the blind loop of the intestine increases markedly within a short time after starch feeding, but not after casein feeding. This suggests that direct contact of the nutrient or the digestive products with the intestine or crossing of the products through the intestine is necessary for induction by casein but that the induction by starch is mediated by some other mechanism.
Intragastric administration or continuous intravenous infusion of glucose solution resulted in the same extent of increase in activity of alkaline phosphatase as starch feeding, indicating that a high blood glucose level is responsible for the induction. This conclusion is supported by the experiment shown in Fig. 4 , in which when the blood glucose level remained unchanged under conditions in which intestinal absorption of glucose was completely inhibited by phlorizin no induction of enzyme was observed.
Hyperglycemia is known to stimulate insulin release from the pancreas by a direct action on the mechanism controlling release of stored insulin (20, 21) and stimulation of the parasympathetic nervous system via the hypothalamic glucore ceptor (22, 23) . However, subcutaneous injection of insulin alone into rats after 4 days starvation had no effect on the enzyme induction, suggesting that the adaptive response resulted from hyperglycemia per se or hyperglycemia plus insulin release. As discussed later, stimulation of the parasympathetic nervous system caused by hyperglycemia appears the most important factor for enzyme induction.
There seems to be three types of adaptive response of intestinal enzyme activities. One is rapid (in hours), direct adaptive response of the epithelial cells (24) ; one is a slower (in several days) adaptive response that appears to act at the crypt cells with appearance of the response as the cells migrate up the villus (25); a third adaptive response is very slow (in several weeks) and has a long lag phase as seen in lactase induction by high lactose feeding (26) .
Since induction of duodenal alkaline phosphatase occurs in several hours, it seems likely that it involves a direct effect on villus epithelial cells, although the exact mechanism is still unknown.
There is some evidence that the autonomic nervous systems regulate enzyme synthesis, as reported for the appearance of circadian rhythmic changes in phosphoenolpyruvate carboxykinase in the liver of fed rats (27) and induction of tyrosine transaminase in rat liver (18) . Moreover, alkaline phosphatase in rat atria has been reported to be induced by subcutaneous injection of isoprenaline (28) .
The effect of the autonomic nervous systems on the induction of duodenal alkaline phosphatase was tested in this study. In chemically sympathectomized rats, the extent of enzyme induction by intragastric administration of glucose solution or starch feeding was in the same order as that in sham-operated rats, indicating that the sympathetic nervous system has no relation to enzyme induction.
On the other hand, bilateral subdiaphragmatic vagotomy or hexamethonium injection prevented induction of duodenal alkaline phosphatase under conditions in which it was induced in sham-operated rats. Furthermore, carbachol injection alone markedly induced the enzyme. These facts strongly suggest that stimulation of the parasympathetic nervous system by either hyperglycemia or a cholinergic drug (carbachol) is important in induction of duodenal alkaline phosphatase.
The mechanism of the enzyme induction by casein feeding is still unknown and is now under study.
